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Abstract 
In order to verify the fault stability of a tunnel in Fujian, hydro-fracturing in-situ stress measurement was conducted.  
The test revealed the stress magnitude and the maximum horizontal principal stress direction in testing area, which 
have obvious similarity with other results in intact rock mass. According to the horizontal stress distribution 
relationship with depth, two points’ stress state represent the fault was calculated. At last, based on the selected 
sliding criterion, the stability of faults was verified in this paper. 
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1. Introduction  
In-situ stress is one of the important basic data of geological environment and crustal stability 
assessment, geological engineering design and construction. The research of disturbance fault’s in-situ 
stress spatial distribution state is the key link of some topics as follows: the stability analysis of 
underground rock mass structure, rockburst prediction in resource exploitation as well as quantitative 
evaluation of earthquake prediction. At home and abroad, a large number of stress measurement results 
show that, due to diagenesis’ and tectonic movements’ superimposition disturbance, in-situ stress 
characteristics of fault zone is very complex [1-3].  
In geology, seismology, geodesy and other disciplines, the results of fault movement can be observed 
through a variety of ways, but it is difficult to evaluate the stability of faults. According to geological 
mechanics point of view, the fault slip fault stability can be evaluated by analyzing the stress state of the  
fault plane, and selecting the appropriate criteria. There is not unified conclusion about the distribution 
of stress in fault, while the field test is the most direct means to obtain is-situ stress information. In this 
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paper, based on the hydraulic fracturing stress measurement results of two fault observation holes in a 
tunnel located in Fujian, the stability of the fault is verified using an appropriate sliding rule.  
2. Engineering Geology and measured hole profiles  
The tunnel under-construction, length of 12.97km, is located in middle-low mountainous areas of 
Fujian, and the maximum depth along the tunnel, trending to NW, is 653m.There is not active faults in 
tunnel site region, and the tectonic direction is NE, mainly manifested towards NE ~ SW compression 
fault zone and fracture zone, the next EW pressure-shear fault and NW ~ SE tensile fracture zone.  
In tunnel geological survey, two boreholes (ZK1and ZK2) are set for investigating the fault zones’ 
circumstances. Moreover, the hydraulic fracturing technique is applied to stress measurement for further 
studying on the stress distribution in the fault zone.  
The main faults around the two drills are as follows: F2, the visible width is about 35m , occurrence 
N30°E∠80°, the extended length along the tendency is over 2000m; F3, the visible width is between 20 
and 60, occurrence EW∠80°; F4, occurrence N10°E∠77°, the visible width is between 60 and 70, the 
extended length along the trend is over 3000m; F5, the visible width is 70m , occurrence EW∠75°, the 
extended length along the tendency is over 2000m, belonging to a territorial tension torsion fault. The 
general geology and drilling holes arranging of the tunnel refers to Pic.1 and Pic.2. The ZK1 is located in 
the fault F3 and its influence zone, while ZK2 is located in the fault F5 and it’s influence zone.  
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Fig.1 Geological profile and test boreholes’ position (left)                           
Fig.2 Schematic plane view of test boreholes and faults (right) 
3. Stress test results 
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          (a)  ZK1 hole                                                   (b) ZK2 hole 
Note: H——maximum horizontal principal stress    h——minimum horizontal principal stress 
Fig.3. Vertical variation of horizontal principal stress values 
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According to the integrity of borehole core in testing field, appropriate test sections are selected. Then 
13 points and 9 fractured data were successfully achieved in the two test holes, and the maximum and 
minimum horizontal principal stress values are calculated. The maximum horizontal principal stress 
directions are obtained through impression orienting on the pressure crack. The maximum (minimum) 
horizontal stress distribution relationship with depth is shown in Figure 3. 
From figure 3, in the 85 ~ 220m depth range of ZK1 test hole, the maximum horizontal principal  H 
changes from 4.0 to 10.6MPa, minimum horizontal principal stress h changes from 3.2 to 8.1MPa, 
vertical stress  V changes from 2.3 to 5.9MPa.  From the stress test data, we have obtained the general 
tendency of stress variation with depth in the test range as follow (equation (1)):  
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In the 73 ~ 160m depth range of ZK1 test hole, the maximum horizontal principal H changes from 5.8 
to 11.8MPa, minimum horizontal principal stress h changes from 3.8 to 7.7MPa, vertical stress  V 
changes from 2.0 to 4.3MPa.  From the stress test data, we have obtained c as follow (equation (2)):  
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The stress measurements in two boreholes show that the maximum horizontal principal stress 
orientation is N19~31W in ZK1 while N12~17W in ZK2. 
By summarizing observation, although the results of stress measurements in borehole in/near faults 
show important heterogeneities, mainly on the stress magnitudes, they have obvious similarity with other 
results in intact rock mass, and the largest horizontal principle stress’ direction is almost consistent with 
the regional tectonic direction [4]. 
4. Fault stability verification 
According to the view of geomechanics, the immediate cause of the moving of fault is that the shear 
stress on the interface of fault overrates the friction resistance to sliding. Based on the stress state on the 
interface of fault and the designed criterion of sliding, we can verify the stability of fault, and provide 
suggestions for the safety design of projects. 
4.1. Selection of sliding criteria 
MDZoback and J. Healy [5] holds that the fault slip criteria can be used τ = (0.6 ~ 1.0) σn, where τ is 
the critical shear stress which the sliding surface can bear, and σn is the normal stress in the sliding 
surface. JDByerlee [6] considers the rocks greatest friction can be τ=0.85σn when the normal stress 
σn<200MPa, by analyzing rocks and fault gouge friction test data had published. CBReleigh [7] further 
confirms the above mentioned slip criteria obtained in test lab can be applied to natural fault, by 
experiments of Gilles Langourieux field induced earthquakes. Zhangbo Chong, et al (1983) back-analysis 
that the fault criteria is τ = 0.74σn, based on the stress measurement data of Panjiakou dam base and 
assuming the dam foundation slip fault in a critical state. Zhangbo Chong, Ma Yuan-chun [8] (1987) 
proposed τ = 0.66σn, if there is fault gouge between the sliding surface, by experiments of frictional 
behavior of granite and calcitite using the double shear and triaxial test equipment carried out in dam site 
near the Laxiwa hydropower project. According to experiences of similar projects, this paper adopts τ = 
(0.4 ~ 0.66) σn as a minimum range of fault slip to verify the stability of the influence belts of fault (F3, 
F5), two test holes are located in which[9 ~ 11].  
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4.2. Fault stability verification 
We choose two measuring points in ZK1 and ZK2 separately, for universal; the two points are located 
on the top and the bottom of holes (the elevation of the bottom of hole is near the depth of tunnel). When 
calculating the stress state on the basis of the actual measurement of ground stress, we need to create 
independent coordinate system to every fault. Calculating the normal stress and shear stress on the 
interface of fault with the formula (3), the results of calculating are shown in table 1, according to table 1, 
we can plot the Mohr’s circle of effective stress, as shown in figure 4. 
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Where σn and τn are normal stress and shear stress in the fault plane; l, m, n are direction cosines of 
outward normal direction of the fault plane for three coordinate axes. 
Table1. Calculation table of stress state in fault plane 
Fault NO. F3 F5 
direction 
cosines 
l 0.8925 0.9330 
m 0.4162 0.2500 
n -0.1736 -0.2588 
depth/m 85 220 70 160 
1 /MPa 3.1 8.0 5.1 9.2 
2 /MPa 2.3 5.9 3.1 6.1 
3 /MPa 1.4 3.7 1.3 2.7 
n /MPa 2.9 7.5 4.7 8.6 
n /MPa 0.4 1.0 1.1 1.8 
 
Fig.4 Mohr circle and slide criterion of faults’ stability analysis 
In figures4, straight lines represents resumed sliding criterion, A, B respectively express the stress state 
of 85m and 220m depth of the stress state in F3 fault plane; C, D respectively express the stress state of 
70m and 160m depth of the stress state in F5 fault plane. From Figure 5 we can see, A, B, C, D are four 
points far away from the line of fault sliding rule, that is produced they don’t meet the critical state of 
sliding. So F3, F5 are in the stable state, which equates with the fact there is not any active fault in the 
tunnel site area according to the geological survey report. 
5. Conclusion 
Test results presented in-situ stress magnitude belongs to moderate stress level in the influence belt of 
faults, and two holes’ maximum horizontal principal stress are in the same direction, both to the NNW.  
In-situ stress state in influence belt of faults is close to the state in integrated surrounding rock areas in 
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the same regional, and the stress direction is basically consistent with the regional tectonic stress 
direction. So the two measured holes stress can represent a larger range of stress of rock mass 
characteristics in lager region.  
When selecting the threshold sliding criteria, the fault (F3, F5) stability can be verified by two-hole 
stress measurement test results. 
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